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It is well recognized that early identification of
congenital hearing loss and appropriate hearing
rehabilitation has a significant long-term benefit
on language and social development.1–3 Recently,
the advent of universal newborn hearing screen-
ing has resulted in the identification of hearing
loss in infants and young children at ages for
which behavioral audiological assessment may
be unreliable. To guide audiological and medical
treatment for such infants and young children, it
is necessary to develop a reliable objective test
measure for the timely and efficacious evalua-
tion of the nature and extent of the hearing loss.
While testing infants and young children, evoked
potentials remain an essential portion of the au-
diological evaluation when standard behavioral
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audiometry is not applicable. Although oto-
acoustic emissions (OAEs) are well established
within infant hearing assessment and able to
identify those with hearing loss greater than
30–40 dB HL, the measures cannot be used to
predict hearing thresholds yet.4,5 With respect to
follow-up from newborn hearing screening, au-
ditory brainstem response (ABR) is well docu-
mented and provides relatively accurate estimates
of auditory thresholds in infants.4 However, test-
ing limited to traditional ABR with click stimuli
provides an estimation of auditory functioning
in a broad frequency range between 1000 Hz and
4000 Hz.6–8 It is becoming a standard require-
ment that a complete evoked potential evaluation
must contain reliable frequency-specific threshold
estimates. Many studies have investigated the tone
burst ABR (tABR) to estimate behavioral thresh-
olds in individuals with normal hearing or with
hearing loss. Most of these studies have concluded
that the technique works reasonably well.9–11
To ensure the appropriate amplification and
early intervention for deaf infants and young
children in Taiwan, the normative data of tABR for
clinical reference must be established. This study
reports preliminary data from tABR measurement
in Taiwan. We studied infants and young children
in Taiwan with normal hearing in order to deter-
mine the normative values of tABR as a reference
for performing tABR measurements. The data avail-
able will help to ensure that we have the neces-
sary information to identify any frequency-specific
hearing loss in these young patients in Taiwan as
early as possible.
Methods
Subjects
From a population deemed to be at risk of poten-
tial hearing loss and referred for further hearing
evaluation, 94 infants and young children aged
from 3 months to 3 years of age were recruited as
they were eventually determined to have normal
hearing after a series of tests. The test battery in-
cluded otoscopic examinations, tympanometric
tests, distortion product otoacoustic emission
(DPOAE) measurements, and click evoked ABR
(cABR) measurements. All subjects had normal
appearance of the external ears and eardrums ex-
amined by qualified otolaryngologists. A-type tym-
panograms with 226-Hz probe tone were all
acquired by a GSI 33 Middle Ear Analyzer (Grason-
Stadler Inc., Milford, NH, USA). All DPOAEs
showed greater than 6 dB signal-to-noise ratio as
measured by a GSI 60 DPOAE (Grason-Stadler
Inc.). All cABRs were recognized as better than
15 dB nHL. As a lack of independent latency value
between ears was reported,12 only data from the
left ear were used for determination of normative
values.
Procedure of tABR recording
Testing was performed in a quiet room using 
a Bravo AEP system (Nicolet, Madison, WI, USA).
The infants and young children were tested in 
a sedated stable physiologic state using chloral hy-
drate (50 mg/kg). Although a less frequent occur-
rence with sedation, subjects did not always remain
asleep long enough to test all the stimulus condi-
tions. The sequence of the ABR measurements was
click, tone burst 500, 1000, 2000 and 4000 Hz in
order as time permitted. Filter band pass with
Blackman gating function for 500, 1000, 2000
and 4000 Hz was used. The stimuli were 45, 35,
25, 15 and 5 dB nHL (and levels in between as
time permitted) condensation click (100 µsec)
presented at 22.1/sec. All ABRs were two-channel
recordings from electrodes placed on the high
forehead and on each earlobe, another electrode
on the glabella served as ground. Each ABR wave-
form recorded was replicable and the averaged
result was obtained from 2000 to 6000 sweeps. A
response window of 20 msec was used and the re-
sponses were filtered between 100Hz and 1500Hz.
For all stimuli, ABR threshold was defined as the
lowest level at which wave V was identifiable.
Statistical analysis
Data were recorded on a spreadsheet and correct
entry was confirmed prior to analysis. The data
were imported into SAS version 9.0 (SAS, Cary,
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NC, USA) for analysis. The descriptive data were
presented as mean ± standard deviation. The sub-
jects were grouped by sex and age, and the distri-
bution was compared using χ2 test. Meanwhile,
Student’s t test was employed to compare the
mean age of female subjects with that of male
subjects. Since the values of various ABR thresh-
olds were sparse and were not normally distrib-
uted, we used nonparametric statistics including
the Wilcoxon rank sum test and the Kruskal–Wallis
test for independent samples, and the Wilcoxon
signed-rank test correlated data. To investigate
the association between the values of ABR thresh-
old across various stimulation modes (i.e. click,
tone), Spearman’s rank-order correlation coeffi-
cient was employed to represent the association
between the two kinds of variables. A two-tailed
alpha level of 0.05 was considered statistically
significant for all analyses.
Results
Table 1 presents the age distribution and mean age
of subjects. There was no difference in age distri-
bution (p = 0.908) and mean age (p = 0.608) be-
tween females and males. The percentages of each
age group of 3–12 months, 13–24 months and
25–36 months were 16.0%, 38.3% and 45.7%,
respectively. Table 2 shows the lowest detected
level (LDL) at which a significant response (wave V)
to the test frequency of tABR was detected. The
results indicate that the averaged tABR thresh-
olds of the infants and young children with nor-
mal hearing in Taiwan are typically 10–20 dB nHL,
which is similar to the tABR thresholds in adults
with normal hearing.13 Table 3 presents the com-
parison of LDLs by sex, laterality and age distri-
bution. There was no statistically significant
difference between females and males for the
LDLs of tABR, but the LDL for each test frequency
tended to be higher for males. The differences in
LDLs between two ears and among age groups
were not statistically significant (Table 3).
Although not every subject completed the whole
test, the means and standard deviations of laten-
cies for the detected responses at 5, 15, 25, 35
and 45 dB nHL stimuli for each frequency are
shown in Table 4. There was almost no statistically
significant difference between females and males
for these latencies except for 1000 Hz at 45 and
35 dB nHL, where the latencies for males were
longer. It is known that latency gets shorter as the
intensity of stimulus increases. The differences
and correlations between cABR threshold and
tABR threshold at each frequency are shown in
Table 5. Not only were the differences between two
measurements small and tended to be smaller at
higher frequencies, but also the correlation was
statistically significant at each test frequency.
Discussion
While cABR remains as the effective newborn
screening test for hearing loss, detailed informa-
tion concerning the degree, configuration, and
type of the identified hearing loss cannot, however,
be provided by cABR. Regarding the above detailed
information of hearing loss for those referred for
failure in the newborn hearing screening pro-
grams, tABR measurement is well positioned to
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Table 1. Age distribution and mean age of subjects
Age (mo)
Female Male
p
(n = 35) (n = 59)
3–12 6 9
13–24 14 22 0.908*
25–36 15 28
Mean ± SD 20.7 ± 9.2 22.1 ± 8.8 0.608†
*χ2 test; †Student’s t test.
Table 2. Lowest detected level (LDL) at four test
frequencies*
Test frequency (Hz) LDL (dB nHL)
500 (n = 88) 18.4 ± 7.5 (5–40)
1000 (n = 75) 16.6 ± 6.6 (5–35)
2000 (n = 69) 12.6 ± 7.3 (5–30)
4000 (n = 56) 11.3 ± 6.3 (5–25)
*Data are presented as mean ± standard deviation (range).
be the solution. The purpose of this study was to
establish the reference values for measurement
of tABR in infants and young children in Taiwan.
Our preliminary results indicate that tABRs are
consistently detected and replicated at 500, 1000,
2000 and 4000-Hz stimulus frequencies in infants
and young children across the ages from 3 month
to 3 years. Differences in LDLs were not statisti-
cally significant in terms of gender, laterality and
age. Variation in LDLs decreases as the stimuli go
from low to high frequencies. The range of LDLs at
500 Hz is from 5 to 40 dB nHL, which is a little
higher than the 5 to 25 dB nHL range at 4000 Hz
(Table 2). Nevertheless, the standard deviations
of LDLs at the four frequencies were all between
6.29 and 7.49 dB nHL (Table 2), which suggests
a reasonable stability of the threshold measure-
ments by tABR in the 500–4000 Hz frequency
range. By far the majority of studies report mean
thresholds of 20 dB nHL or better for the ABR to
500–4000 Hz brief tones, and some reports show
no difference between adults and infants in their
tABR thresholds (when measured in dB nHL).
The averaged LDL for each frequency in this study
is generally compatible to the reported mean
thresholds of tABR.13,14 Similar to the published
research, the mean thresholds at 500 Hz and
1000 Hz were a little higher than those at 2000
and 4000 Hz in our study (Table 2). We therefore
consider that the normal criterion levels for 500
and 1000 Hz should be 5 dB nHL more than
those at 2000 and 4000 Hz. Based on the mean
of LDL plus two standard deviations, we suggest
setting the normal criterion levels for infants and
young children in Taiwan of the tone burst audi-
tory brainstem response to air-conducted tones
as 30 dB nHL for 500 and 1000 Hz, and 25 dB
nHL for 2000 and 4000 Hz.
With respect to the threshold differences be-
tween tABR and cABR, our results generally reveal
C.Y. Lee, et al
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Table 3. Lowest detected level (LDL) at the four test frequencies by sex, ear and age*
LDL (dB nHL)
Test frequency (Hz) Sex
Female Male
p†
500 16.7 ± 7.6 (32) 19.3 ± 7.4 (56) 0.0579
1000 15.2 ± 6.3 (29) 17.5 ± 6.7 (46) 0.1037
2000 10.2 ± 5.6 (26) 14.0 ± 7.9 (43) 0.0686
4000 10.5 ± 5.9 (21) 11.9 ± 6.5 (35) 0.4550
Laterality
Left ear Right ear
p‡
500 18.4 ± 7.5 (88) 18.7 ± 7.0 (88) 0.6622
1000 16.6 ± 6.6 (75) 15.7 ± 6.1 (74) 0.4212
2000 12.6 ± 7.3 (69) 11.6 ± 6.8 (69) 0.3992
4000 11.3 ± 6.3 (56) 12.2 ± 6.6 (54) 0.5095
Age (mo)
3–12 13–24 25–36
p§
500 21.1 ± 5.3 (14) 16.5 ± 7.5 (34) 19.0 ± 7.9 (40) 0.1078
1000 17.5 ± 8.4 (12) 16.3 ± 6.9 (28) 16.6 ± 5.9 (35) 0.9289
2000 10.0 ± 7.1 (13) 13.8 ± 7.4 (24) 12.8 ± 7.3 (32) 0.2803
4000 10.5 ± 6.9 (11) 10.5 ± 5.6 (20) 12.4 ± 6.6 (25) 0.5696
*Data are presented as mean ± standard deviation (number of subjects); †Wilcoxon rank sum test; ‡Wilcoxon signed-rank test;
§Kruskal-Wallis test.
small differences between these two measure-
ments and even smaller differences at higher fre-
quencies. Although there are issues about the
stimulus characteristics between cABR and tABR,
the differences decrease sequentially from 500 to
4000 Hz (Table 5). The correlation between
these two measurements was statistically signifi-
cant in our study (Table 5). It is noted that several
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Table 4. Wave V latency (msec) for each sex at the four test frequencies and five intensities
Female (n = 35) Male (n = 59)
p*
n Mean ± SD Range n Mean ± SD Range
500 Hz
45 dB nHL 21 10.0 ± 0.9 8.6–12.1 33 10.3 ± 0.8 8.6–11.9 0.0961
35 dB nHL 21 10.7 ± 0.9 9.2–12.5 40 11.2 ± 1.1 9.2–14.0 0.1618
25 dB nHL 24 11.6 ± 1.1 9.4–14.0 45 11.8 ± 0.8 10.0–13.5 0.6633
15 dB nHL 17 12.2 ± 0.9 11.1–14.7 23 12.3 ± 0.8 10.9–13.6 0.3804
5 dB nHL 3 12.8 ± 1.1 11.7–14.0 5 13.4 ± 1.2 11.7–14.9 0.6508
1000 Hz
45 dB nHL 17 8.6 ± 0.7 7.1–9.9 24 9.1 ± 0.8 7.6–10.4 0.0496
35 dB nHL 21 9.4 ± 0.9 7.5–11.0 30 9.9 ± 0.6 8.5–11.0 0.0219
25 dB nHL 27 10.4 ± 0.9 8.0–11.7 38 10.8 ± 0.8 9.2–13.0 0.0904
15 dB nHL 22 11.1 ± 1.1 8.6–12.7 21 11.4 ± 0.7 9.4–12.9 0.3943
5 dB nHL 4 11.1 ± 1.4 9.1–12.3 5 11.8 ± 0.6 11.0–12.7 0.6228
2000 Hz
45 dB nHL 13 7.6 ± 0.4 7.0–8.2 23 7.6 ± 0.4 6.7–8.6 1.0000
35 dB nHL 20 8.1 ± 0.4 7.5–9.1 26 8.2 ± 0.5 7.0–9.1 0.4038
25 dB nHL 23 8.8 ± 0.5 7.7–9.6 33 8.7 ± 0.5 7.9–10.3 0.9004
15 dB nHL 24 9.4 ± 0.7 8.6–11.5 24 9.3 ± 0.8 6.9–11.0 0.9341
5 dB nHL 11 10.2 ± 0.7 9.3–11.3 15 10.1 ± 0.7 9.1–11.5 0.6965
4000 Hz
45 dB nHL 12 7.0 ± 0.2 6.7–7.5 20 7.1 ± 0.3 6.7–8.1 0.2804
35 dB nHL 17 7.4 ± 0.3 6.9–7.9 22 7.4 ± 0.3 6.9–7.7 0.8197
25 dB nHL 18 7.8 ± 0.2 7.3–8.1 29 7.9 ± 0.4 7.3–8.8 0.2297
15 dB nHL 18 8.3 ± 0.3 8.0–9.2 28 8.4 ± 0.5 7.7–10.4 0.5716
5 dB nHL 9 8.9 ± 0.4 8.2–9.4 14 9.1 ± 0.5 8.6–10.1 0.9244
*Wilcoxon rank sum test. SD = standard deviation.
Table 5. Means of threshold differences and correlation between cABR and tABR thresholds at the four test
frequencies
ABR type Threshold differences
Correlation between click and tone threshold
(dB nHL)*, (tone – click) Click 500 Hz 1000 Hz 2000 Hz 4000 Hz
Click NA 1 0.4433† 0.3762‡ 0.4449† 0.3311§
Tone: 500 Hz 10.4 ± 6.7 1 0.6336† 0.4836† 0.4689‡
Tone: 1000 Hz 8.9 ± 6.3 1 0.5905† 0.4952†
Tone: 2000 Hz 4.8 ± 6.6 1 0.4952†
Tone: 4000 Hz 3.8 ± 6.2 1
*Threshold differences between click and tone ABR are presented as mean ± standard deviation; Spearman’s rank-order correlation
coefficient: †p < 0.0001, ‡p < 0.001, §p < 0.05. NA = not applicable.
investigators have suggested that cABR thresh-
olds correlate best with hearing sensitivity in the
2000–4000 Hz region.6–8 While applying tradi-
tional cABR to evaluate hearing loss, there was a
tendency for cABR thresholds to overestimate
pure-tone thresholds in ears with normal or near-
normal hearing but to underestimate pure-tone
thresholds in ears with hearing loss.15,16 When
time efficiency is a concern, it was suggested that
if an ABR is observed at 20 dB nHL for any stim-
ulus, measurements need not be made at lower
levels on the assumption that responses at 20 dB
nHL would be consistent with normal hearing.
These authors remind us that evoked potentials
are a test of auditory functioning and not an exact
threshold for hearing. Behavioral testing should
always be conducted when the child is develop-
mentally appropriate.
Properly obtained and interpreted, the tABR
provides threshold data with cross checks to the
behavioral audiological thresholds in the 500–
4000 Hz frequency range for infants and young
children. The above objective and subjective meas-
urements together predict more precise hearing
thresholds for very young patients and further to
initiate an early program of rehabilitation. To facil-
itate the clinical application of tABR measurements
in Taiwan, this study offers the data of latencies of
identified wave Vs at 45, 35, 25, 15 and 5 dB nHL
for reference. Generally, the latency of males tends
to be longer than that of females, although the
statistically significant differences only occur at
45 and 35 dB nHL of 1000 Hz. Just as it is in LDL,
the variation in latency tends to be larger at low
frequency and smaller at high frequency.
Clinically, the ABR is currently the method of
choice for the assessment of hearing thresholds
in infants, while evoked otoacoustic emissions
are very useful for the detection of hearing loss
but do not indicate the degree or type of hearing
loss. Although conducting tone burst evoked po-
tentials involves additional preparation and test
time, the information obtained and the applica-
tion of the additional information is extremely
valuable. With the same equipment, tABR 
measurements may provide further relevant 
information regarding hearing loss so that 
the appropriate hearing rehabilitation programs
can be initiated.
A masking protocol was not adopted in this
study. It has been suggested that tone bursts should
be combined with a notched-noise masker, whose
notch occurs at the tone burst frequency. A recent
study compared the accuracy of behavioral thresh-
old predictions from ABR thresholds evoked by
using two different stimulation paradigms, tone
bursts presented alone, or tone bursts presented
in combination with notched noise.15 The results
from that study indicated that there was no dif-
ference in the accuracy with which either tone
bursts alone or tone bursts plus notched noise
predicted behavioral threshold.
Incorporating tone burst evoked potentials
into our evoked potential protocol has been a sim-
ple way to gather more information using equip-
ment we already had at our disposal. Based on
the published research and our study, we suggest
setting the normal criterion levels for infants and
young children in Taiwan of the tone burst audi-
tory brainstem response to air-conducted tones
as 30 dB nHL for 500 and 1000 Hz, and 25 dB
nHL for 2000 and 4000 Hz.
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